Background: Dengue is a disease related to the environment that spreads rapidly. Prevention movement is considered ineffective; therefore, a more efficient early warning system is required. It is required strongly correlated variables to as predictor in early warning system. This study aims to identify the environmental conditions associated with dengue. Materials and methods: This ecological study was conducted on five sub-districts selected based on the trend of the incidence. Data land cover and elevation obtained using GIS. Climate data were obtained from Meteorology and Climatology and Geophysics Agency of Yogyakarta. Results: There were 1.150 dengue cases from 2008-2013 obtained from District Health Office. The spatial pattern is clustered in all sub-districts (Z-score < -2.58). There is a positive correlation between land cover and dengue (p 0.000; r 0.284) and a negative correlation between elevation areas and dengue (p 0.000; r -0.127). Multiple Regression Test shows the effect of humidity (p 0.000) and rainfall (p 0.002) with a contribution of 13.5% -27.4% (r 2 0.135 -0.274), while temperature has no effect in all sub-districts (p > 0.05). There is no effect of climate parameters in sporadic dengue areas (p > 0.05). Conclusion: It is concluded that dengue in Sleman is clustered and associated with the environment parameter, even though it does not have close correlation. High elevated and small building area is consistent with the lower dengue cases. Humidity and rainfall affect dengue, but temperature does not affect dengue.
Introduction
Dengue Hemorrhagic Fever (DHF) becomes a health problem in the world, particularly in tropical areas, including Indonesia even the number of incidents is increasing, even though the mortality rate is decreasing (Directorate CD&EH, Dept. of Health RI., 2010). The incidents of dengue fever in Indonesia increased from 0.05/100.000 in 1968 to 35-40/100 .00 in 2013. The highest epidemic was in 2010 (85.70/100/000), even though the mortality rate decreased from 41% in 1968 to 0.73% in 2013 (Karyanti et al., 2014) .
In Asia, Aedes aegypti is the main vector of dengue and Aedes albopictus is the secondary vector (De Melo et al., 2012). Geographically, Aedes aegypti spread in both tropical and subtropical areas and has living environment close to human (Kraemer et al., 2015) . Aedes albopictus is more tolerant to cold temperature so that it has geographical spread larger to sub-tropical areas (Brady et al., 2013) . Aedes aegypti lives optimally in [26] [27] [28] [29] [30] ○ C and humidity of 70-80% (Mourya et al., 2004) along with the availability of breeding place (Espinosa et al., 2016) and food sources (Arrivillaga and Barrera, 2004) .
Dengue transmission occurs through the bites of mosquito that contains virus. The infected mosquito will contain virus for its whole life and it can transmit virus through ovarium (Lee and Rohani, 2005; Espinosa et al., 2014 ). This transovarian transmission will make the pre-adult stadium contain virus as well, so that it can increase the number of mosquitos that contain virus in mosquito population which eventually will preserve even trigger the epidemy (Hartanti et al., 2010) . Environment is an important factor for DHF to occur besides socio-ecological factors (Naish et al., 2014a) .
Sleman district has various geographical characteristics and in these recent years it undergoes rapid change of land use. The rapid change of land use is in accordance with the development of Yogyakarta province as a tourism destination (Nurhadi et al., 2011) and as the center of higher education in Indonesia (Ramdhani et al., 2012) . The change of land use can affect the environmental changes including climate (Kalnay and Cai, 2003) . The climate change can result in a disease incident which is related to environment, including dengue. The climate parameters related to dengue among others are temperature, humidity and rain fall (Naish et al., 2014b) .
Eight out of 17 sub-districts in Sleman are dengue endemic areas. The dengue incidents in Sleman from 2002 -2012 were fluctuate and tended to increase with the highest number of cases (755 cases) occurred in 2007. The environmental changes in Sleman district and the dengue incidents which tend to increase make it important to conduct a study related to the environmental effects towards dengue in this district. The environmental conditions being studied are climate including temperature, humidity and rainfall; topography and land cover. This study aims to gain information related to environmental characteristics that contribute to the incidents of dengue. It is expected that this information could be used as a consideration in developing the area regarding its impacts towards the spread of dengue. Academically, this information can be used as a further reference to develop early warning system for the dengue outbreak.
Materials and methods
Study Sites: Sleman district is in Java Island, Indonesia ranges between 110° 33′ 00″ and 110° 13′ 00″ BT, 7° 34′ 51″ and 7° 47′ 03″ LS (Figure 1 ). The width of Sleman district is 57.482 acre or around 18% of the width of Yogyakarta province. Sleman district consists of 17 sub-districts, 86 villages and 1,212 hamlets. Based on its elevation, Sleman District region is divided into four classes which are < 100 m, 100 -499 m, 500 -999 m and > 1000 m above sea level (a.s.l.). Most of Sleman regions are on the height of < 1000 m a.s.l and only 2.6% that occupy the areas above 1000 m a.s.l. The use of land in Sleman shows degradation of 0.46% of wetlands and 6.6% of dry lands. There was an increase of yards for 0.7% during 2010-2013. The degradation of wetlands and dry lands along with the increased of yards is probably related to high number of newcomers. The number of newcomers in Sleman district in 2013 was higher (14, 464 people) compared to the number of residents who moved out (11,121 people) . The high number of newcomers result in the increased of settlements' needs and other facilities, therefore, it increases the yards.
Sleman district region is classified into three kinds of growth center based on the area position and the society mobility which are Yogyakarta city agglomeration, sub-urban and buffer zone. (1) The area of city agglomeration is on the border of Yogyakarta city, so that it develops rapidly as the center of education, industry, service and trade along with the development of Yogyakarta city. The city agglomeration areas include Gamping, Depok and Mlati subdistricts. ( 2) The sub-urban area is a region which is located quite far from Yogyakarta city and develops into intended activities of the communities surround it so that it becomes the center of growth. Godean and Sleman sub-districts are Spatial pattern: Geographical distribution of dengue during 2008 -2013 is shown in figure 3 . Average Nearest Neighbour (ANN) is used to assess whether the dengue cases are clustered or spread. The value of Z-score in this study is < -2.58 in all sub-districts, every year from 2008 -2013 (Table 1) . It can be interpreted that the dengue incidents in all sub-districts, are clustered every year. October. The result of regression test shows that humidity has significant effect towards the dengue incidents in Godean and Gamping sub-districts, while the rainfall affects the dengue incidents in Depok and Sleman. The monthly dengue cases occurring throughout the year from 2008 -2013 appear in accordance with the climate factors in all sub-districts . It is seen that the dengue cases increase during the rainy season (NovemberApril) with the peak case occurs in January -February. It also shows that the temperature decreases in the peak of rainy season (December -January), but the lowest temperature is in dry season (June -July). The humidity fluctuation is seen along with the amount of rainfall which the humidity increases in the rainy season and decreases in the dry season.
The regression tests show that the climate factors correlate significantly with dengue cases in most endemic areas studied, although the types of climate factors are different for different sub-districts. The dengue cases in Godean and Gamping are correlated with humidity factor (p 0.000), whereas in Depok and Sleman, the dengue cases are correlated with rainfall (p 0.002). The dengue cases in all sub-districts are not correlated with the temperature factor and all climate parameters are not correlated with dengue cases in sporadic areas. The determinant coefficient (r 2 ) ranges from 0.135-0.274 depending on the location of the sub-districts. It means that the three climate parameters studied contribute to the dengue case together by 13.5%-27.4%, while the rest is affected by other factors not investigated in this study. Humidity is the most important climate factor that affects dengue cases in Sleman. Dengue cases in sporadic areas (Pakem) are not affected by climate (p > 0.05) ( Table 2) . Land cover-dengue incidence: The distribution of dengue cases in 2008-2013 indicates that most cases occur in buffer areas that have a percentage of building area of 25%-75% of total building and vegetation area of 967 cases from 1,172 cases (82.51%) and only 83 (7.08%) occurs in areas with a percentage of buildings >75%. There are not any dengue cases that occur in the buffer area with 100% of the building, without vegetation. The Pearson correlation test proved that there is a positive correlation between land cover and dengue cases (p 0.000; r 0.284; α 0.01). This suggests that the larger area of the building is consistent with high dengue cases, but the correlation is weak. (Figure 9) . The Pearson correlation analysis shows a negative correlation between the elevation of the site and the dengue case despite the weak correlation strength (p=0.000; r=-0.127). The higher a region, the lower the incidence of dengue.
Discussion
Spatial pattern: The spatial pattern test using Average Nearest Neighbours shows that the incidence of dengue in five sub-districts in the study sites has a clustering pattern (Table 1) Larvae Rate represents the risk of dengue transmission. A high Free Larva Rate (> 95%) indicates that in an area in question it is safe from dengue transmission. Thus, the cases of dengue fever in suburban areas including Sleman district can be prevented through efforts to increase knowledge about dengue and ways of its prevention.
Climate-dengue incidence:
The result of multiple regression test of monthly climate data of 2008-2013 shows that humidity affects the dengue case in Gamping with p 0.000 and Godean with p 0.002, while the rainfall affects the dengue case in Depok with p 0.021 and Sleman with p 0.014. The average monthly temperature does not affect dengue cases in all sub-districts. The effect of three climate parameters on dengue cases was 13.5%-27.4% depending on the sub-district ( Table 2 ). The weak climate effects on dengue cases may be due to the multifactorial nature of dengue. In addition to climate, dengue cases are also influenced by host conditions such as socio-economic factors (Hu et al. 2004), optimal humidity (70 -80%) is required for the trachea to function properly so that the mosquito's survival increases. Mosquito's high endurance is important for virus multiplication to reach a sufficient number for infection. The incubation time in the mosquito body (EIP) ranges from 8-12 days (Lambrechts et al., 2011) , so it takes a female mosquito that has longer life over that time span. Mosquito's high survival and short extrinsic incubation will increase vector capacity.
In this study, the rainfall affects dengue incidence in Sleman and Depok sub-districts (Table 2 ). Rainfall affects humidity where high rainfall will increase the humidity (Umoh et al., 2013) . In addition to increasing the humidity, rain will also cause an increase in breeding places outside the home (Bergero et al., 2013) , but otherwise, heavy or long rain will damage the breeding place and wash away larvae or kill larvae (Mellor and Leake, 2000) . The rainfall that reaches 140 mm a week can wash away larvae in breeding place (Suroso, 2000 cit. Wirayoga, 2013 ) so it decreases the number of larvae. High rainfall will also lower the environment's temperature (Cong and Brady, 2012) . Low environmental temperatures will prolong the mosquito reproduction cycle thus decreasing the frequency of blood sucking. Low environmental temperatures will also prolong the EIP of dengue virus (Goindin et al., 2015) (Table 2 ) is likely to be that rainfall can have a negative or positive impact on the capacity of mosquito's vectors. More in-depth research is needed to discover the effects of precipitation on dengue cases more precisely.
The results show that the temperature of the environment had no significant effect on dengue incident (Table 2 ). This is probably because the temperature factor used for the analysis is the monthly average, so the daily temperature fluctuations are not visible. Sharp maximum and minimum temperature fluctuations can decrease the mosquito's survival (Carrington et al., 2013a ) and accelerate extrinsic incubation of virus in the mosquito's body in the laboratory (Carrington et al., 2013b) . Day and night temperature differences are quite high during the dry season (June-November) in Indonesia. Kesetyaningsih (article submitted for publication) states that the minimum-maximum temperature difference affects the incidence of DHF in Sleman district. The higher the minimum-maximum temperature difference is, the lower the incidence of DHF. This indicates that in nature, minimum-maximum temperature fluctuations have a greater effect on mosquito's survival than accelerate the extrinsic incubation of virus in the mosquito's body. However, if Aedes mosquitoes adapt to high environmental temperature fluctuations, outbreak may occur because mosquitoes survive, while extrinsic incubation of the virus becomes faster.
Pakem is a sporadic dengue area (Figure 2) , where dengue cases are not affected by climate factors (Table 2) . Pakem is a highland area with relatively low average temperature (24 o C) which unsuitable for Aedes' life but has good humidity for Aedes' life (72%-88%). It should be realized that Pakem can be an endemic area if the physical development is not followed by adequate community knowledge about dengue disease. Physical development can increase temperatures (Tokairin, 2006) and increase the number of breeding places (Saleeza et al., 2011) , thus forming an environment suitable for the development of Aedes mosquitoes.
Land cover-dengue incidence: In Table 3 , it appears that 92.92% of dengue cases in Sleman district occurred in buffer area with the percentage of building area ≤ 75% of total building area and tree vegetation. Only 7.08% of cases occurred in the buffer area with a percentage of the building area >75% of the total building area and tree vegetation, and no dengue cases occurred in the buffer area which is 100% in the form of building. Pearson correlation test shows a positive correlation (p 0.007; r 0.284;  0.01) between percentage of building area and dengue case. The greater the percentage of the building area in the buffer area is, the more the dengue cases are. However, data suggest that dengue cases always occur in buffer areas that have tree vegetation. In this study, the calculated vegetation is trees, not grass or rice field. This is based on the knowledge that the existence of trees is relatively the same throughout the year and impacts on the maintenance of local humidity (microenvironment) (Wong and Peck, 2005; Tahir and Yousif, 2013a; Obi, 2014) and decreases the wind speed in the area around trees (Leenders et al., 2007; Tahir and Yousif, 2013b) . Aedes aegypti chooses shading places (Prado et al., 2017) , cold places and humid (Champion and Vitek, 2014) , and low wind speed (Cheong et al., 2013 ) as a resting place.
Several studies have shown that the type of land cover is related to the density of mosquitoes or dengue cases. Sarfraz et al. (2012) prove that the type of land use affects the density of Aedes mosquitoes in Thailand. Settlements around horticulture relate to the house index (HI) in May (p=0.05), whereas perennial vegetation is significantly correlated with the container index (CI) (p<0.05). Vanwambeke et al. (2006) also state that the presence of trees and aquatic lands is an important factor in the incidence of DHF in Thailand. Extensive settlements affect dengue cases in urban areas (Li et al., 2014) , but horticulture affects dengue in sub-urban areas (Cheong et al., 2014) . The presence of vegetation around the dengue patient dwellings in this study indicates that dengue in Sleman District belongs to the sub-urban type category. The trees around the house become a factor to consider in controlling dengue disease in Sleman District.
Elevation-dengue incidence: Sleman region has a considerable different height among one area with others which affects the spread of dengue. Northern Sleman is a highland, which is along the slopes of Mount Merapi. Some reports indicate that the maximum elevation of Aedes sp. is different at different places. In Sumatra, Aedes sp. is only up to 700 m a.s.l. (Anwar et al., 2014) . In Mexico City, Aedes aegypti was discovered up to 1,700 m a.s.l. (Fuentes et al., 2012) . No data of the highest location has been found by Aedes in Sleman. Sleman has an area with an elevation of >1000 m a.s.l. of 1,495 ha (2.60%). Dengue cases in Sleman occurred up to 425 m a.s.l. and most cases occurred at 50-200 m a.s.l. (Figure 9 ).
Pearson correlation test shows that there is a negative correlation between the height of the incidence of dengue with moderate strength (p 0.000; r -0.260). This indicates that the higher the area, the lower the dengue case. According to Andrian et al. (2014) , the higher the area the lower the environmental temperature but the rainfall increases. The average temperature in the highlands of Sleman (Pakem) year 2008-2013 is recorded 24C, under optimal temperature for mosquito breeding (Mourya et al., 2004) . In terms of the humidity factor, Pakem has the optimum humidity for Aedes' life throughout the year (2008-2013) which is the lowest 72% and the highest 88%. According to Brady et al. (2013) , Aedes albopictus is more tolerant to low temperatures than Aedes aegypti, so that the presence of Aedes albopictus as vector is needed to watch out for in this area.
Dengue disease is multifactorial. There are many factors that influence the incident of dengue case among others from the environmental factor, human being as host or virus as agent. The results of this study indicate that none of the environmental factors studied are prominent and closely related to dengue cases in Sleman.
Land cover and elevation factors have been shown to be related to dengue cases even though they have only weak strength. Humidity and rainfall factors affect dengue cases in different areas, with weak to moderate strength. This shows that the dengue incidence is local.
The limitations of climate data, especially temperatures and humidity, which only originate in two observation posts, are likely to cause less accurate data, especially in areas that are beyond the scope of observation. With respect to climate data that is sometimes incomplete, so data interpolation should be done which cause the data to be less accurate. The correlation between dengue incidents with environmental factors and the possible influence of the distance factor indicate that the need for spatial analysis in revealing the role of environmental factors to be more representative.
Conclusion
The spatial pattern of dengue in Sleman is clustered. No environmental factors are closely related to dengue incidence. The most prominent environmental factor associated with dengue cases is humidity, with moderate strength. Land cover, elevation, and rainfall have weak correlation with dengue cases. Temperature does not affect dengue cases. All climate parameters do not affect dengue cases in sporadic areas.
